INTRODUCTION {#S1}
============

Despite increased access to antiretroviral therapies, HIV-1 is still a major health burden, with \~1.8 million new infections and \~900,000 HIV-related deaths globally in 2017.^[@R1]^ Thus, the development of a safe and effective preventive HIV vaccine remains a global priority. Six HIV-1 vaccine efficacy trials have been completed so far and no vaccine has been licensed to date.^[@R2]^ The RV144 trial, which included primarily low-risk participants and consisted of a canarypox virus vector (ALVAC) prime and a combination of clades B and E gp120 as a bivalent protein (AIDSVAX B/E) as a boost, is the only preventive HIV vaccine trial that has demonstrated protection thus far, although that protection is modest.^[@R3]^ Protection against HIV-1 acquisition in RV144 was estimated at \~60% at 6 months and 31% at 42 months after final immunization.^[@R4]^ Post hoc immune correlates studies indicated that efficacy was primarily correlated with the humoral response---more specifically, increased levels of HIV envelope (Env) V1V2 region-specific serum immunoglobulin G (IgG) in the presence of low Env-specific IgA correlated with a decreased risk of HIV-1 infection.^[@R5]--[@R8]^ Follow-up studies showed that V1V2-specific IgG3 responses correlated with decreased risk of HIV-1 infection; however, they rapidly disappeared from the serum, mirroring the waning efficacy observed over time in RV144.^[@R9],[@R10]^ IgG~3~ has a short half-life, suggesting that a lack of sustained V1V2-specific IgG~3~ production by long-lived plasma cells (LLPCs) was a critical barrier that reduced the clinical effectiveness of the RV144 regimen.

The potential protective activity of the antibodies (Abs) induced by RV144 has been suggested to be non-neutralizing and dependent on Fc receptor (FcR)-mediated effector functions, such as Ab-dependent cellular cytoxicity (ADCC) and Ab-dependent cellular phagocytosis (ADCP).^[@R5],[@R11],[@R12]^ In the presence of low Env-specific IgA, plasma ADCC activity correlated with a decreased risk of infection and appears to primarily target epitopes in V2 and C1. A substantial portion of the ADCC and ADCP activity induced by RV144 was mediated by IgG~3~,^[@R13]^ and both ADCC and ADCP have been correlated with protection in several non-human primate challenge studies.^[@R10],[@R14]--[@R16]^ Thus, precise functional resolution of the AIDSVAX-induced B cell and Ab repertoire is likely consequential for a better understanding of HIV vaccine-mediated protection.

Acute infection or vaccination often triggers a rapid expansion of plasmablasts or antigen-specific Ab-secreting cells (ASCs), phenotypically defined as IgD-CD27^hi^CD38^hi^.^[@R17]^ These plasmablasts peak in peripheral blood \~7 days after vaccination and then decline rapidly to nearly undetectable levels.^[@R18],[@R19]^ It is suggested that a subset of this population migrates to specialized niches in bone marrow (BM) and survives as LLPCs, typically defined as CD20^−/low^ CD138^+^, and are thought to be the predominant source of long-lived serum Abs.^[@R20]--[@R22]^ Other B cell populations, such as germinal center B cells, may also serve as the immediate precursors to LLPCs.^[@R23]^ Long-lived circulating serum Abs derived from LLPCs provide sustained protection against viral infections such as mumps, measles, and influenza, but their persistence varies depending on the type of pathogens and vaccinations.^[@R24]--[@R27]^ The findings of Montezuma-Rusca et al.^[@R28]^ suggest that in HIV-1-infected individuals, circulating HIV-1-specific Abs are primarily derived from BM plasma cells. However, the observation by Huang et al.^[@R29]^ that CD20^+^ B cell depletion of an HIV-infected patient with rituximab, which does not act on LLPCs, resulted in a temporary \~2-fold decrease in serum neutralizing Ab and a reciprocal increase in HIV viremia, suggesting that circulating HIV Env-specific Abs during infection that contribute to viral suppression may be maintained in part by a short-lived CD20^+^ Ab-secreting cell population. While the existence of HIV Env vaccine-induced LLPCs in BM has been shown in mice^[@R24]^ and in non-human primates,^[@R30]^ it has yet to be established in humans. Defining the mechanisms that regulate the induction of durable Ab-mediated protection in humans continues to be a key goal for effective HIV vaccine development.

Using samples obtained from HVTN 105, a phase I trial in which participants were immunized with the same bivalent gp120 protein, AIDSVAX B/E, as used in RV144, combined with a clade C gp140-containing DNA immunogen in various prime/boost strategies,^[@R31]^ we have assessed the response of HIV Env gp120 reactive plasmablasts in peripheral blood immediately after the final vaccination and defined their linkage to the CD138^+^ long-lived bone marrow plasma cell compartment.

RESULTS {#S2}
=======

Boosting with AIDSVAX B/E gp120 Protein Induces Peripheral Blood Plasmablasts {#S3}
-----------------------------------------------------------------------------

HVTN 105 participants received 4 vaccinations over a period of 6 months with different combinations of AIDSVAX B/E bivalent gp120 protein, which includes gp120 MN.B and gp120 A244.AE, and DNA-HIV-PT123, consisting of plasmids expressing 96ZM651.C gp140, ZM96.C gag, and CN54.C pol-nef ([Figure 1](#F1){ref-type="fig"}). From a subset of participants, peripheral blood was obtained 7 days (D7) post-final vaccination. The majority (64%) of the participants had greater gp120 MN.B and A244.AE binding plasma IgG post-vaccination ([Figures 2A](#F2){ref-type="fig"} and [2B](#F2){ref-type="fig"}). Overall, lower gp120 IgG was observed in the T1 group, which received booster vaccinations with DNA only. This is consistent with the findings of the overall plasma immunogenicity analysis of the trial that was previously reported.^[@R31]^

The presence of HIV gp120-specific IgG ASCs *ex vivo*, an indicator of peripheral blood plasmablasts, was observed D7 post-final vaccination as determined by ELISpot ([Figures 2C](#F2){ref-type="fig"} and [2D](#F2){ref-type="fig"}). Overall, gp120-specific IgG ASCs were detected in 18 of 21 participants tested. Consistent with the plasma IgG response, the frequency of gp120- specific ASCs was lowest in the T1 group. Among T2--T4 groups, gp120^+^ ASCs were 24% (range, 1%--77%) of the total IgG ASCs. These results indicate that immunizations with AIDSVAX B/E induce a substantial gp120-specific IgG peripheral blood plasmablast response.

Peripheral Blood Permablasts Express gp120-Specific Monoclonal Abs (mAbs) {#S4}
-------------------------------------------------------------------------

To define the fine specificity and molecular characteristics of the gp120-specific plasmablast response, plasmablasts (CD19^+^IgD^−^CD38^+^CD27^2+^) were single-cell sorted ([Figure 3A](#F3){ref-type="fig"}) from the peripheral blood D7 post-final vaccination. The plasmablasts were predominantly CD20^−^CD126(IL-6Rα)^+^, consistent with an antigen-specific response.^[@R32]^ Following cDNA synthesis, PCR amplification, and transient expression of Igs, gp120-reactive mAbs (156 total from 10 participants) were identified by screening ELISA and cloned into full IgG~1~ expression vectors. Cloned mAbs were tested for their binding activity and only mAbs having OD~450~ ≥ 1 at 10 μg/mL against at least one HIV gp120 from the vaccine component strains (MN.B \[AIDSVAX B/E\], A244.AE \[AIDSVAX B/E\], and 96ZM651.C \[PT123 DNA\]) were further studied ([Figure 3B](#F3){ref-type="fig"}). These resulting 66 mAbs from 8 participants were defined as gp120^+^ and evaluated further. Nearly half (47%) of these plasmablast-derived gp120^+^ mAbs are reactive against all 3 gp120s present in the vaccine ([Figure 3C](#F3){ref-type="fig"}). Nearly all of the mAbs (94%) displayed MN.B reactivity, among which 50% were also reactive to A244.AE and 96ZM651.C, while 37% of the MN.B reactive mAbs were exclusive to MN.B. Very few mAbs (4.5%) were reactive to AE.A244 exclusively, and none were reactive to C.96ZM651 exclusively. Due to the limited number of participants per group for this sub-study, comparisons of the mAbs between groups was not pursued.

To determine the gross epitope specificity of isolated mAbs, the mAbs were tested by ELISA using overlapping linear peptides spanning the gp160 Env (MN.B or M.Cons strains) or Env region-specific antigens, including V1V2 scaffolds, V3 peptides, and CD4-binding site emphasizing Resurfaced Core 3 (RSC3) proteins. We could successfully map 10/66 (15%) mAbs against specific regions of the Env ([Figure 3D](#F3){ref-type="fig"}; [Table S1](#SD2){ref-type="supplementary-material"}); of those, 5 were specific for the V3 loop, with 2 each recognizing C1 and V1V2, and a single mAb recognizing C5. No CD4 binding site-specific Abs were evident among the mAbs. Four of the five V3-specific mAbs bind to the V3 crown area, with a putative epitope contained within the NYNKRKRIHIG linear sequence, and use either VH5--51 or VH1--24 along with Vλ, which has previously been shown to be common among V3-specific mAbs.^[@R33],[@R34]^ As the binding of only \~12% of MN.B- or M.Cons-specific mAbs could be mapped to linear peptides, it suggests that the majority of the mAbs recognize conformational epitopes. These results suggest that the gp120-specific plasmablast response is dominated by mAbs with cross-clade binding activity, for which recognition of conformational epitopes is dominant and V1V2 and CD4bs specificity is subdominant.

Plasmablast-Derived mAbs Include Those with High Avidity and ADCP Functionality {#S5}
-------------------------------------------------------------------------------

To ascertain the avidity of the mAbs for gp120, their binding stability was determined in the presence of the chaotropic agent 8M urea. Most of the mAbs (51/66) retained at least 80% of their binding activity (avidity index of ≥ 0.8) to at least one of the vaccine's gp120s, and the majority (35/66) retained all of their binding activity ([Figure 4A](#F4){ref-type="fig"}). The ability of the mAbs to mediate ADCP, a Fc-mediated effector function, was determined using HIV-1 Env MN.B and A244.AE gp120-coated beads. Approximately half (34/66) of the mAbs could mediate at least modest ADCP (ADCP score ≥ 1.25), with a subset of mAbs (11/66) that had substantial ADCP activity (ADCP score ≥ 2.0) ([Figure 4B](#F4){ref-type="fig"}). Overall, a trend toward greater ADCP activity against A244.AE was observed compared to MN.B. No association between epitope specificity, avidity, or ADCP activity was apparent. Although many of the mAbs exhibited high binding activity and ability to mediate ADCP, most of the mAbs did not exhibit ADCC against infected cells, with only 6 mAbs having weak ADCC activity (\~20%--35% reduction at 50 μg/mL) ([Figure 4C](#F4){ref-type="fig"}). Most of the mAbs did not exhibit neutralizing activity; however, 6 mAbs were able to neutralize tier 1 SF162 virus ([Figure 4D](#F4){ref-type="fig"}).

VH-1 Usage Dominates the HIV-Env-Specific Plasmablast Repertoire {#S6}
----------------------------------------------------------------

The variable regions of the heavy- and light-chain genes of the mAbs were sequenced to determine their Ig gene usage and characteristics ([Figure 5](#F5){ref-type="fig"}; [Table S1](#SD2){ref-type="supplementary-material"}). VH1 family usage predominated and was used by 61% of the mAbs, with VH1--2 (39%) and VH1--46 (12%) gene usage most highly represented among the isolated mAbs ([Figure 5A](#F5){ref-type="fig"}) and is consistent with previously published results.^[@R12]^ We critically analyzed the sequences of the VH1--2\*02 Abs 7/66 (\~11%) for VRC01 class Ab features,^[@R35],[@R36]^ but found that none of them were VRC01 class Ab (not shown); most notably, Trp100B is absent in the heavy chain, and the light-chain complementarity determining region 3 (LCDR3) length was consistently \>8 amino acids. This is also consistent with none of the mAbs appearing to be CD4 binding site specific and with the lack of induction of tier 2 plasma-neutralizing Abs.^[@R31]^

A trait of some broadly neutralizing Abs (bNAbs) against HIV-1 is the presence of high numbers of somatic mutations. Overall, the average amino acid VH mutation from germline was 6.9% (3.7% nt) ([Figure 5B](#F5){ref-type="fig"}; [Table S1](#SD2){ref-type="supplementary-material"}). This is higher than the mutation frequency for AIDSVAX B/E-elicited mAbs, as previously reported (2.4% nt),^[@R12]^ but somewhat lower than the Abs isolated from RV305 (6.99% nt), a follow-up trial on RV144 participants that remained HIV uninfected and received a booster with the same immunogens, including AIDSVAX B/E 6 to 8 years after the completion of RV144.^[@R37]^ The heavy-chain complementarity determining region 3s (HCDR3s) of most of the mAbs were 8--21 amino acids, with an average of 14 amino acids long; however, 10/66 (15%) mAbs had HCDR3s of ≥ 22 amino acids in length ([Figure 5C](#F5){ref-type="fig"}), a common feature of many HIV-1 bNAbs.^[@R38]--[@R42]^

Sequence analysis of the constant region 1 (CH1) domain of the native mAbs revealed that, as expected, most mAbs were IgGs ([Figure 5D](#F5){ref-type="fig"}). IgG~1~ was overwhelmingly dominant (79%), with a limited representation of IgG~3~ (5%) and single IgG~2~ mAbs (2%). IgA~1~ made up 9% of the mAbs, along with a single IgA~2~ mAb (2%). The IgA mAbs were predominantly non-VH1 (only 29% VH1) and trended toward greater somatic hypermutation (13.1%) ([Table S1](#SD2){ref-type="supplementary-material"}). IgM made up 5% of the mAbs.

To obtain a more comprehensive perspective on the HIV-1 Env vaccine-induced B cell repertoire, VH deep sequencing of the expressed IgG of peripheral blood B cells was done at D7, the same time point from which the mAbs were isolated. It is anticipated that at this time point, the expressed IgG repertoire is dominated by plasmablasts. The usage of VH1 was elevated in T2, T3, and T4 participants, making up over 40% of the clonal lineages from the majority of the T2 and T3 participants ([Figure 6A](#F6){ref-type="fig"}). VH1--2 dominated the largest lineages in most T2--T4 participants ([Figure 6B](#F6){ref-type="fig"}), and was used by 26.1%, 16.0%, and 8.1% of the lineages in the T2, T3, and T4 participants, respectively, compared to only 3.7% in the T1 participants. The VH1--46 usage was similarly increased, although to a lesser extent, comprising 13.3%, 10.2%, and 5.6% of the lineages in T2, T3, and T4 participants, respectively, and only 2.6% in the T1 participants ([Figure 6A](#F6){ref-type="fig"}). The increases in VH1--2 and VH1--46 usage compared to T1 were significant for T2 (p = 0.0012, 0.0012) and T3 (p = 0.0087, 0.0022). The expansion of VH1 lineages among T2, T3, and T4 participants is consistent with the VH1 bias observed in the mAbs obtained ([Figure 5A](#F5){ref-type="fig"}), and the minimal HIV-1 Env-specific plasma Ab and plasmablast response observed at this time point in T1 ([Figure 2](#F2){ref-type="fig"}) suggests that the VH1 expansion among the IgG repertoire in those participants not in T1 (i.e., T2, T3, and T4) is a consequence of the most recent AIDSVAX B/E immunization.

Focusing on the VH1--2 lineages in the T2, T3, and T4 participants, as they represent the HIV-1 Env-specific IgG repertoire, we observe that compared to T1, they exhibit a significant bias toward decreased heavy chain J1 gene (JH1) (p = 0.0110) and increased JH6 (p = 0.0057) usage ([Figure 6C](#F6){ref-type="fig"}) and corresponding higher frequency of long HCDR3s (19.0% versus 11.0%), as defined as R22 amino acids ([Figure 6D](#F6){ref-type="fig"}). The T2--T4 VH1--2 lineages are moderately mutated from germ-line (3.1% nt) ([Figure 6E](#F6){ref-type="fig"}). The VH1--2 sequences in the T2--T4 participants are dominated by IgG~1~ usage, with minor usage of other IgG subclasses, including modestly increased IgG~4~ usage evident among T4 participants ([Figure 6F](#F6){ref-type="fig"}), which is consistent with plasma Env-specific Abs reported previously in this group.^[@R31]^ Among the VH1--2 sequences in the T2--T4 participants, the IgG~4~ and IgG~2~ sequences exhibited the greatest somatic hypermutation (4.1% and 3.7%, respectively) compared to IgG~1~ and IgG~3~ sequences (3.1% and 2.7%, respectively) ([Figure 6G](#F6){ref-type="fig"}), which is consistent with their germline exon order and IgG~4~ developing as a result of repeated antigen exposure.^[@R43]^

Persistence of HIV Env-Specific Plasmablast Lineages in the BM LLPC {#S7}
-------------------------------------------------------------------

Long-lived bone marrow resident plasma cells are the presumed source of sustained circulating plasma Abs and also a contributor to IgG at mucosal sites due to transudation.^[@R44]--[@R46]^ We sought to determine whether immunization with HIV-1 Env induces LLPCs in humans. BM obtained 8--12 months after the final immunization was assessed by EliSpot for Env-specific ASCs. Despite detecting ASCs specific for influenza in the BM, including within the CD138^+^ LLPC compartment, HIV-1 Env-specific ASCs were not reliably detected within the BM by EliSpot ([Figure 7A](#F7){ref-type="fig"}), suggesting that they are not present at sufficient quantities above the level of detection for the EliSpot. Therefore, we performed VH deep sequencing to determine whether members of the clonal lineages represented by the Env-specific mAbs isolated from D7 peripheral blood plasmablasts were present in the BM. Of the 52 mAbs isolated from 4 participants from which BM had been obtained, members of 19 of these mAb clonallineages were present in the BM, 9 of which were found among CD138^+^ LLPCs ([Figure 7B](#F7){ref-type="fig"}). No obvious distinct binding, functional, or molecular features distinguished the mAbs for which clonal lineage members were found in BM compared to those that were not ([Figure S1](#SD1){ref-type="supplementary-material"}).

The 1105E9 mAb lineage, isolated from 018-T3, uses VH1--2\*06 and included numerous clonal members among BM CD138^+^ LLPCs ([Figure 7C](#F7){ref-type="fig"}). The 1105E9 and the CD138^+^ LLPC lineage members share the M37I mutation from germline in FR2, G56D mutation in CDR2, and N58Y mutation in FR3. The 1105E9 lineage was dominated by IgG~1~ usage.

The mAbs 1098D3 and 1098F3 belong to the same lineage that uses VH1--2\*06. This lineage was isolated from 097-T2 and includes clonal members among CD138^+^ LLPCs ([Figure 7D](#F7){ref-type="fig"}). Both 1098D3 and 1098F3, along with the CD138^+^ LLPC lineage members, share T33I mutation from germline in CDR1. The lineage is dominated by IgG~1~ usage, and includes minor instances of IgG~2~, IgG~3~, and IgG~4~ usage. The LLPC lineage members appear to segregate on a continuum of degree of somatic hypermutation, including those less mutated and further mutated than the 1098D3 and 1098F3 mAbs. Lineage members were also present in theperipheralblood 8 months (M8)after immunization, indicating this lineage is also persisting among peripheral memory B cells.

The mAbs 1098B8 and 1098C4 belong to the same lineage, were also isolated from 097-T2, are C1 specific, and use VH1--2\*06, and the lineage includes CD138^+^ LLPCs ([Figure 7E](#F7){ref-type="fig"}). The lineage is dominated by IgG~1~ usage, but includes instances of IgG~2~, IgG~3~, IgG~4~, and IgA usage. 1098B8, which is less mutated from germline (GL) compared to 1098C4, was isolated as an IgG~1~ and similarly its nearest neighbors are dominated by IgG~1~. 1098C4, an IgG~3~, and its nearest neighbors are similarly dominated by IgG~3~ usage. Both 1098B8 and 1098C4, along with the CD138^+^ LLPC lineage members, are mutated at G56 in CDR2. In addition, lineage members persist in the peripheral blood memory B cells 8 months after immunization, including a cluster that is proximal to the 1098C4 mAb cluster, and a cluster that is quite distal from the 1098C4 and 1098B8 clusters.

These results indicate that HIV-1 Env-specific LLPCs are generated in humans following HIV Env immunization. These HIV-1 Env-specific LLPCs include a population that is clonally related to D7 peripheral blood plasmablasts and persistent peripheral blood memory B cells.

DISCUSSION {#S8}
==========

Plasmablasts offer a window into the early dynamics of the HIV-1 vaccine-induced humoral response. The HVTN 105 vaccine regimen, particularly boosting with AIDSVAX B/E Env protein, resulted in the robust induction of Env-specific plasmablasts, with the majority capable of recognizing Env from multiple clades. There was dominant usage of VH1--2 among the Env-specific plasmablast repertoire, and numerous instances of the persistence of clonal lineage members among BM LLPCs, demonstrating the linkage of these populations, which may have implications for regulating the durability of Ab responses to HIV Env.

Although the mAbs described here are the first reported to be derived from HIV vaccine-induced human plasmablasts, mAbs have been isolated from human peripheral blood memory B cells following HIV vaccination, including from AIDSVAX vaccine recipients. A significant portion of AIDSVAX-induced memory B cell-derived mAbs were directed against the first constant region (C1) of gp120 Env protein.^[@R12]^ In addition, 2 mAbs, CH58 and CH59, were identified to have specific affinity for position K169 on the gp120 V2 region and partially overlap the binding region of the broadly neutralizing mAbs CH01 and PG9.^[@R47]^ Only a minority of the mAbs we isolated were specific for C1 or V1/V2; however, 5 V3-specific mAbs were isolated. The V3-specific mAbs primarily recognized the V3 crown epitope NYNKRKRIHIG, and based on their reactivity profile and for 2 of the mAbs (1105A7 and 1114B4), their VH5--51 usage, it is likely they are binding the V3 crown in the cradle mode,^[@R34]^ which is the predominant type of V3 mAbs induced by vaccination, including in AIDSVAX trials; VAX003 and VAX004.^[@R33],[@R48]--[@R50]^ Although AIDSVAX has induced only modest tier 1 neutralizing plasma Abs, the majority of Abs in RV144 were targeted to V3, and V3 Abs inversely correlated with the risk of infection in RV144.^[@R51]^ In addition, RV144 resulted in Ab-mediated immune pressure on V3 among infecting viruses.^[@R52]^ Overall, only a few of the plasmablast-derived mAbs we isolated exhibited neutralizing activity; several notably were V3 specific, including 1098C12, 1105A7, 1098B11, and 1114B4. Our characterization of the potential epitopes recognized by the plasmablast-isolated mAbs was very limited and should be expanded upon, particularly for those mAbs with substantial functional activity. Further resolution of the precise epitope specificity of these AIDSVAX plasmablast-derived mAbs, including V3 binding mode, may provide further insight into the protection induced in RV144.

Although a few CD4bs-specific mAbs with sporadic tier 1 and tier 2 neutralizing activity were isolated from RV305,^[@R37]^ CD4bs specificity was not evident in the mAbs we isolated from HVTN 105. This may suggest overall that AIDSVAX B/E is inefficient at inducing CD4bs-specific B cells and that differences in recovery in CD4bs-specific mAbs between RV305 and our study may be a consequence of the B cell subset screened (plasmablasts versus memory) or the nature of the gp120-antigen specific sorting used by Easterhoff et al.^[@R37]^ These differences may also be a consequence of priming agent, canarypox vector (ALVAC) in RV144 versus DNA plasmid in HVTN 105, or other varying aspects between these trials.

Easterhoff et al.^[@R37]^ isolated Env-reactive mAbs from memory B cells post-RV144 and observed that 2.1% had HCDR3s ≥ 22 amino acids, which is lower than the 15% observed among the mAbs in this study of HVTN 105, another AIDSVAX B/E-based regimen. Easterhoff et al. also observed that in RV305, the memory-derived Env-reactive mAbs were further skewed toward long HCDR3s antibodies (\~21% of the mAbs). Our deep sequencing analysis revealed that long HCDR3 are more prevalent (19%) among the VH1--2 lineages, particularly within the AIDSVAX B/E-boosted participants (T2, T3, and T4) compared to the non-VH1--2 lineages (11.7%) and compared to the VH1--2 lineages in the participants that were not boosted with AIDSVAX B/E (T1, 11.0%). The VH1--2 lineages from AIDSVAX B/E-boosted participants had a strong bias toward J6 usage, which is the longest J segment and previously reported to be overrepresented in VH1--2 antibodies with long HCDR3s, including those encoding HIV bNAbs.^[@R53],[@R54]^ These results suggest that HVTN 105 is more effective at promoting the development of Env-reactive B cells with longer HCDR3s than RV144. Additional boosting of HVTN 105 participants may further drive the enrichment of Env reactive with longer HCDR3s. However, the true contribution or value of Env-reactive Abs with long HCDR3s in a primarily neutralization-independent protective response such as that thought to be induced by AIDSVAX B/E remains unclear. These findings may suggest that DNA-protein regimens such as in HVTN 105 can aid in enriching for long HCDR3 utilization and should be further evaluated in trials with immunogens that promote more neutralizing Ab-dependent protection.

A dominance of VH1--2 usage by mAbs isolated following Env immunization has been noted previously.^[@R12],[@R55]^ Our results are consistent with this and suggest that VH1--2 dominance is not constrained to B cells targeting a specific region of Env (e.g., CD4bs), but it may be a more general phenomenon in response to particular Env protein immunizations. Although much has been resolved regarding VRC01 class Abs and their constrained usage of VH1--2 and VH1--46 and germline features that contribute to Env binding, the molecular basis of VH1--2 dominance in Env-specific non-CD4bs responses is unclear. VH1--2 usage is more pronounced among marginal zone B cells than naive B cells or switched memory B cells and increased among splenic marginal zone B cell lymphoma.^[@R56]--[@R59]^ This adds to the speculation that some Env-specific B cell responses may develop not as a result of an initial engagement of a Env and a B cell receptor (BCR) on a naive B cell, but perhaps as engagement of BCR on a pre-existing cross-reactive memory B cell, such as marginal zone B cells, which may have initially expanded through BCR engagement with gut flora or other non-HIV antigens. The findings of Williams et al.^[@R60],[@R61]^ highlight the cross-reactivity of Env-specific B cells, particularly gp41 and microbial antigens. Our observed trend toward decreased somatic hypermutation combined with longer HCDR3s observed among the VH1--2 mAbs and VH1--2-induced AIDSVAX B/E repertoire may suggest that the pre-existing VH1--2 repertoire, whether contained in the naive or cross-reactive memory pools, may have increased intrinsic reactivity to gp120, compared to other VH-encoded lineages. By precisely tracking the origin of Env vaccine-induced B cells, a clearer understanding of the initial B cells that respond to Env and give rise to protective responses may be obtained.

Overall, given the minimal neutralizing activity of AIDSVAX-induced Abs, Fc-dependent effector functions are thought to be a potential mechanism of protection in RV144. ADCC did not appear to be a substantial feature of these plasmablast-derived mAbs we isolated. We suspect that this may be a consequence of the initial screening process of these mAbs based on soluble Env binding, and that screening the plasmablast repertoire for ADCC activity directly is likely to identify that ADCC is a more prevalent feature than we have previously observed. This would be consistent with the majority of the HVTN 105 participants' developing ADCC plasma Abs.^[@R31]^ ADCP is another notable Fc-dependent effector function, which in non-human primates has been correlated with vaccine-mediated protection.^[@R10],[@R14]--[@R16]^ Although approximately half of the mAbs demonstrated at least modest ADCP activity, only a few mediated strong ADCP activity. There was no obvious segregation of ADCP-mediating mAbs with other features such as epitope specificity or VH usage, suggesting that ADCP can be mediated by diverse Env-specific mAbs. Examination of ADCP activity using various phagocytic cells, Ab isotypes, or subclasses may reveal yet unrealized commonalities among potent ADCP-mediating mAbs.

Much attention has rightfully been given to determining whether the IgG~3~ signal observed in RV144 associated with a decreased risk of infection is just a surrogate correlate of protection, reflecting overall variation in the quality of the humoral response compared to other AIDSVAX B/E studies, without directly mediating viral clearance, or if IgG~3~-mediated viral clearance such as through ADCC is truly a major direct mediator of protection. At the BCR level, IgG~3~ was present at \<10% in the AIDSVAX B/E -induced repertoire. Based on the low incidence of and lower somatic hypermutation among the IgG~3~ repertoire, along with the increased expansion of the further mutated IgG~2~ and IgG~4~ in T4, it is suggested that AIDSVAX B/E-induced gp120-specific IgG~3~-expressing B cells are largely transitory, fading likely in part due to continued class switching to IgG~1~, IgG~2b~, IgG~4~, or IgA~2~. Thus, inducing a sustained high frequency of gp120-specific IgG~3~-expressing B cells may require extreme precision in the tuning of immunogen dosing and adjuvant, which may be a substantial undertaking for HIV vaccine development.

A sustained population of HIV Env Ab-producing LLPCs is expected to be a major determinant of durable vaccine-mediated protection. That Env-specific BM LLPCs were not consistently detected by EliSpot in contrast to those specific for influenza suggests that the frequency of Env-specific LLPCs is near the level of detection of the assay. Using the VH deep sequencing approach, we were able to detect the persistence of \~35% of the Env-specific peripheral blood plasmablast lineages in the BM, including \~17% that were present in LLPCs. These Env-specific LLPCs primarily expressed IgG~1~; however, several instances of IgG~3~-expressing LLPCs among multiple lineages were apparent. These findings indicate that HIV Env immunizations in humans do induce BM LLPCs, which represent a substantial fraction of the induced peripheral blood Env-specific repertoire but comprise a relatively low frequency of the overall LLPC compartment. Efforts to more precisely quantify the frequency of HIV Env-specific lineages that make up the LLPC, relevant to other vaccine-induced responses such as influenza and measles, including the efficiency, dynamics, and regulation of seeding the LLPC compartment after repeat immunizations, are necessary to sufficiently understand and manipulate durable protective immunity to HIV.

STAR★METHODS {#S9}
============

RESOURCE AVAILABILITY {#S10}
---------------------

### Lead Contact {#S11}

Further information and requests for resources should be directed to the Lead Contact, James Kobie (<jjkobie@uabmc.edu>).

### Materials Availability {#S12}

All unique/stable reagents generated in this study are available from the Lead Contact with a completed Materials Transfer Agreement.

### Data and Code Availability {#S13}

The antibody and repertoire RNA sequences are available from the database of Genotypes and Phenotypes (dbGaP) (<https://www.ncbi.nlm.nih.gov/gap/>) accession accession phs002027.v1.p1.

EXPERIMENTAL MODEL AND SUBJECT DETAILS {#S14}
--------------------------------------

### Study participants / Experimental design {#S15}

Blood and tissue samples for this study were obtained from 22 participants at the University of Rochester who participated in the HVTN 105 phase 1 randomized, blinded, multisite HIV vaccine clinical trial ([ClinicalTrials.gov](http://ClinicalTrials.gov) [NCT02207920](https://clinicaltrials.gov/ct2/show/NCT02207920)).^[@R31]^ Sample size estimation was not applicable to this study as sample size was determined by the number of participants from the clinical trial at the University of Rochester site who agreed to provide these additional samples. Participants were assigned to experimental groups by the clinical trial. All procedures used in this study were approved by the Research Subjects Review Board at the University of Rochester Medical Center and all participants provided written informed consent. All participants were seronegative for HIV infection at the time of enrollment for the study. Participants received different combinations of AIDSVAX® B/E (HIV envelope gp120 of clade B (MN) and E (A244)), DNA-HIV-PT123 (3 plasmids containing DNA of clade C ZM96 gag, clade C ZM96 gp140 and clade C CN54 pol-nef) and placebo administered intra-muscularly at 4 time points over a period of 6 months ([Figure 1](#F1){ref-type="fig"}). Peripheral blood mononuclear cells (PBMCs) and plasma were obtained prior to the vaccination, 7 days post final vaccination and \~7 months post final vaccination. Bone marrow aspirate was obtained \~7 months post final vaccination.

### Cell Lines {#S16}

HEK293T cells (ATCC) were used for transient transfection to produce recombinant human monoclonal antibodies. The cells were cultured at 37°C with 5% CO~2~ saturation in DMEM (GIBCO, Life Technologies) supplemented with 10% FetalClone II (GE Healthcare Life Sciences) and 1x antibiotic/antimycotic solution (GIBCO, Life Technologies).

THP-1 cells (NIH AIDS Reagent Program) were cultured in RPMI1640 (Corning) medium supplemented with 2-mercaptoethanol (Millipore sigma) to a final concentration of 0.05 mM and 10% fetal bovine serum (Atlanta Biologicals). Cultures were maintained by the addition or replacement of fresh medium every 2 to 3 days to maintain the cell concentration \~5×10^5^ cells/ml (below 1 × 10^6^ cells/ml).

NKR24 luciferase-reporter cell line were derived from CEM.NKR.CCR5 CD4+ T cells^[@R62],[@R63]^ and obtained from the AIDS Research and Reference Reagent Program.

KHYG-1 rhCD16 effector cells were derived from the CD16-negative human NK cell line KHYG-1 (Japan Health Sciences Foundation).^[@R64]^

TZM-bl cells are used for HIV-1 pseudovirus neutralization assays and are obtained from the NIHARRP. Complete growth medium (GM) consists of D-MEM supplemented with 10% fetal bovine serum (FBS, heat-inactivated), 25 mM HEPES and 50 μg/ml gentamicin. TZM-bl is an adherent cell line that can be disrupted and removed by treatment with trypsin/EDTA at confluency for routine maintenance and for assay preparation. Cultures should be passaged up to a maximum of 20 times every 2--3 days with approximately 10^6^ cells in 15ml of GM. Cultures are incubated at 37°C in a 5% CO2/95% air environment.

METHOD DETAILS {#S17}
--------------

### HIV-specific antibody secreting cells (ASC) ELISpot {#S18}

The frequency of HIV-specific ASC in total PBMC were determined by ELISpot similar to as previously described.^[@R65],[@R66]^ Briefly, sterile 96-well PVDF membrane plates (MilliporeSigma, USA) were coated overnight at 4°C with 50 μL of 5 μg/ml HIV1 Env MN.B D11 gp120 or A244.AE D11 gp120 (NIH AIDS Reagent Program), 6 μg/ml FluZone (2006--2007) or 1 μg/ml anti-human IgG (Jackson Immunore-search, West Grove, PA) in PBS. Plates were blocked with RPMI1640 (Corning, VA, USA) media with 10% fetal bovine serum (Atlanta Biologicals, GA, USA) for 2 h at 37°C. Then 100,000 and 500,000 PBMCs (for Ag specific wells) or 10,000 and 20,000 PBMCs (for total IgG-specific wells) in a final volume of 200 μL were added per well in triplicate. The plates were incubated for \~40 hours at 37°C in 5% CO~2~ and then washed with PBS containing 0.1% Tween 20. Bound antibodies were detected with 50 μL of 1 μg/ml alkaline phosphatase-conjugated anti-human IgG (diluted in PBS containing 0.1% Tween 20 and 1% BSA) antibody (Jackson Immunore-search, West Grove, PA) for 2 hours at 37°C in 5% CO~2~ and then developed with VECTOR Blue, Alkaline Phosphatase Substrate Kit III (Vector Laboratories, Burlingame, CA). The spots per well were counted using the CTL immunospot reader (Cellular Technologies Ltd., Shaker Heights, OH, USA).

### mAb generation {#S19}

For monoclonal antibody (mAb) generation, plasmablasts were single cell sorted from PBMCs isolated 7 days post final vaccination as previously described by Nogales et al.^[@R67]^ with a FACSAria cell sorter (BD Biosciences) directly into 96-well PCR plates (Bio-Rad, Hercules, CA) containing 4 μL/well 0.5X PBS with 10 mM DTT (Invitrogen), and 8 U RiboLock (ThermoFisher) RNase inhibitor. Immunoglobulin heavy, kappa and lambda variable regions were amplified with two rounds of semiquantitative RT-PCR. Primers used for these PCRs were described in Liao et al.^[@R68]^ Purified PCR products were sequenced at Genewiz (<https://www.genewiz.com/en>) or ACGT (<https://www.acgtinc.com/>) and sequencing results were analyzed by IMGT/V-QUEST ([www.imgt.org/IMGT_vquest](http://www.imgt.org/IMGT_vquest)) to determine germline V(D)J gene segments with highest identity. These PCR-amplified V-regions were then used to construct linear heavy and light chain Ig cassettes as previously described^[@R68]^ for transient expressions in a 96 well plate format which allows quick and efficient handling of large number of samples. Approximately 25,000 human embryonic kidney (HEK293T; ATCC) cells/well were seeded in a 96 well plate with 100 μL of DMEM (GIBCO, Life Technologies, NY, USA) containing 10% FetalClone II (GE Healthcare Life Sciences, UT, USA) and 1x antibiotic/antimycotic solution (GIBCO, Life Technologies, NY) and incubated at 37°C with 5% CO2 for \~24--36 hours. 70%--80% confluent cells were transfected with the purified linear cassettes using jetPRIME® transfection reagent (PolyPlus, NY, USA) and incubated at 37°C with 5% CO2 for 5 days. Cell culture supernatants were collected and screened for HIV Env gp120 (MN.B and A244.AE) reactivity by enzyme-linked immunosorbent assay (ELISA). Clones that showed positive result in screening ELISA were selected for large scale production. Expression of recombinant mAbs as full human IgG1 was performed as described previously.^[@R69],[@R70]^ After 8 days of transfection mAbs were purified from culture supernatant using Magna Protein G or A beads (Promega, WI, USA).

ELISA {#S20}
-----

The reactivity profiles of plasma IgG and isolated mAbs against HIV Env proteins were detected by ELISA. Briefly, ELISA plates (Nunc MaxiSorp; Thermo Fisher Scientific, NY, USA) were coated overnight at 4°C with 50 μL of 0.5 μg/ml HIV Env gp120 (MN.B, A244.AE or 96ZM651.C, NIH AIDS Reagent Program) in PBS and blocked with 3% BSA in PBS for 30 min at room temperature. Plasma samples were tested at 1:2500 dilution and mAbs were tested at 10-fold dilutions (10, 1 and 0.1 μg/ml). 50 μL of the samples (diluted in PBS containing 0.05% Tween 20 or PBST) were added per well in triplicate and incubated for 1 h. The reaction was detected using peroxidase-conjugated anti-human IgG (Jackson Immunoreseach, PA, USA), diluted 1:2000 in PBST. mAbs that showed OD~450~ ≥ 1 @ 10 μg/ml against MN.B or A244.AE were defined as gp120+ and included in this study. Mean OD values of triplicate test samples were divided by control (PBST) and represented as relative units (RU). Overall binding strength (avidity) of the selected mAbs at 10 μg/ml was evaluated in presence of 8M urea for 15 min at room temperature prior to the addition of detection antibody. Avidity Index calculated as OD~450~ in presence of urea / OD~450~ in absence of urea.

### Epitope mapping {#S21}

Detection of V1V2 and CD4-binding site specific mAbs were performed following previously described ELISA protocol against A244_V1V2 tag, C1086_V1V2 or RSC3 (NIH AIDS Reagent Program). Epitope specificity of isolated mAbs (1 μg/ml) were performed using overlapping 15-mer linear peptides (5 μg/ml) spanning the gp160 Env (MN.B or M.Cons strains, NIH AIDS Reagent Program). V3 region specific reactivity of the isolated mAbs were further confirmed using HIV Env V3 cyclic peptide and complete V3 loop peptide (NIH AIDS Reagent Program).

### Antibody-Dependent Cellular Phagocytosis (ADCP) assay {#S22}

ADCP activity of the mAbs was measured as previously described^[@R71]^ with slight modifications. Briefly, HIV Env gp120 (MN.B and A244.AE) were biotinylated with the Biotin-XX Microscale Protein Labeling Kit (Life Technologies, NY, USA). 0.25 μg of biotinylated Ag or 0.14 μg of BSA (used as a baseline control in an equivalent number of Ag molecules / bead) was incubated overnight at 4°C with 1.8 ×10^6^ Yellow-Green streptavidin- fluorescent beads (Life Technologies) per reaction in a 25 μL of final volume. Antigen-coated beads were subsequently washed twice in PBS-BSA (0.1%) and transferred to a 5 mL Falcon round bottom tube (Thermo Fisher Scientific, NY, USA). mAbs, diluted at 5 μg/ml, were added to each tube in a 20 μL of reaction volume and incubated for a 2 h at 37°C in order to allow Ag-Ab binding. Then 250,000 THP-1 cells (human monocytic cell line obtained from NIH AIDS Reagent Program) were added to the cells and incubated for 3 h at 37°C. At the end of incubation, 100 μL 4% paraformaldehyde was added to fix the samples. Cells were then assayed for fluorescent bead uptake by flow cytometry using a BD Biosciences LSRII. The phagocytic score of each sample was calculated by multiplying the percentage of bead positive cells (frequency) by the degree of phagocytosis measured as mean fluorescence intensity (MFI) and dividing by 10^6^. Values were normalized to background values (cells and beads without mAb) and an isotype control to ensure consistency in values obtained on different assays. Finally, the phagocytic score of the testing mAb was expressed as the fold increase over BSA-coated beads.

### Antibody Dependent Cellular Cytotoxicity (ADCC) Assay {#S23}

Determination of mAb ADCC activity was performed as previously described.^[@R72]^ In brief, CD4^+^CCR5^+^ NKR24 target cells that express luciferase under control of a tat-dependent promoter were infected with replication competent SHIV~SF162p3~ (200 ng/ml p27) by spinoculation at 1200 × g for 2 hr in the presence of 40 μg/ml polybrene. Once infection was established (3 DPI), 1×10^4^ target cells/well were co-incubated with KHYG-1 FcγRIIIa (CD16)^+^ NK effector cells at an effector to target ratio of 10:1 with or without serial mAb dilutions in 200 μL assay media (RPMI supplemented with 5 U/ml IL-2) in round bottom 96 well plates at 37°C and 5% CO~2~. All mAb dilutions were plated in duplicate. After 8 hr co-incubation, wells were thoroughly mixed by pipetting, and 150 μL cells transferred to wells in black flat bottom plates containing 50 μL Bright-Glo (Promega) and incubated for 2 min at 25°C. Luminescence was measured on a Victor X Light plate reader (Perkin Elmer) and relative light units (RLU) were normalized according to the following formula: *\[sample mean − background (mock-infected targets and effectors)\] / \[maximum (SHIV-infected targets and effectors, no mAb − background)\] × 100.* ADCC activity is reported as the percentage loss of RLU.

### TZM-bl neutralization assay {#S24}

mAbs were tested for their ability to neutralize HIV-1 Env-containing pseudoviruses using the single-cycle TZM-bl neutralization assay as described previously.^[@R73]--[@R75]^ As a negative control, a mAb against an irrelevant antigen was included (not shown). Neutralization dose-response curves were fitted by nonlinear regression and a final titer is reported as the reciprocal of the dilution of serum necessary to achieve 50% neutralization. For mAbs the concentration of Ab required to obtain 50% neutralization (the IC~50~) is reported.

### VH Next-Generational Sequencing {#S25}

For the Ig VH sequencing library preparation, PBMCs and plasmablasts were collected 7 days post final vaccination and bone marrow (CD138+ fraction, CD138- fraction or total) and peripheral blood B cells were collected \~7 months post final vaccination. Total RNA was isolated using the RNeasy Mini Kit (QIAGEN, Germany) and treated with DNase I(Turbo DNA-free Kit, Invitrogen, Lithuania). Approximately 1/10 part of this RNA was used for cDNA synthesis in a 20 μL reaction with the qScript cDNA synthesis kit (QuantaBio, MA, USA). A PCR was carried out in a 50 μl reaction using Platinum Taq High Fidelity Polymerase (Invitrogen, Carlsbad, CA) with 5 μl of the resulting cDNA as template. A cocktail of degenerate VH1, VH2, VH3, VH4, VH5 and VH6 (0.5 μM each) forward primers from framework region (FR)1 and a cocktail of isotypes (IgA, IgG and/or IgM) specific (2 μM each) reverse primer from constant domain 1. For targeted VH gene specific libraries, forward primers were designed from either Ig leader or FR1 regions ([Table S1](#SD2){ref-type="supplementary-material"}). Each forward and reverse primer contained a 12 nucleotide index and the Illumina specific linker (forward: CAAGCAGAAGACGGCATACGAGATGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT, reverse: AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCT) sequence. The 45 cycles touch-down PCR condition was as follows: one cycle of initial denaturation at 95°C for 5 min followed by 2 cycles of 95°C for 30 s, 65°C for 30 s, 68°C for 1 min; after every 2 cycles the annealing temperature was dropped 2°C for four times; then 35 cycles of 95°C for 30 s, 57°C for 30 s, 68°C for 1 min and a final extension at 72°C for 10 min.

Following PCR, amplicons were analyzed in 1% agarose gel and bands corresponding to approximately 600 bp was purified with E.Z.N.A.TM Gel Extraction Kit (Omega Bio-tek, GA, USA). Purified products were submitted to the University of Rochester Genomics Research Center, where quality control was performed using Qubit fluorometer (Thermo Fisher) and Bioanalyzer (Agilent Technologies, Santa Clara, CA). Finally, the PCR products were pooled together in equimolar ratio and sequenced on an Illumina MiSeq system (Illumina, Inc., CA, USA) using 300 × 325 bp paired-end kits (Illumina MiSeq Reagent Kit v3, 600-cycle, Illumina Inc., CA, USA). Sequence analysis was performed using an in-house custom analysis pipeline described previously.^[@R67],[@R76]--[@R78]^ Briefly, all sequences were aligned with [www.imgt.org/HighV-QUEST](http://www.imgt.org/HighV-QUEST)^[@R79]^ following quality filtering and paired-read joining. Sequences were then analyzed for V region mutations and clonality. All clonal lineage assignments were based on identical VH and JH regions, identical HCDR3 length and \> 85% HCDR3 nucleotide homology. Lineage trees were generated for lineages containing mAb sequences (by including the mAbs in the clonal linage assignment step). Sequences within a lineage with single occurrences of particular VDJ amino acid sequences (singletons) were removed, with the exception of singletons that match any inferred node sequence. The resulting sequences were analyzed using Phylip's protpars tool (version 3.69 s), turning on settings 1, 4, and 5.^[@R80]^ The output file was then parsed using in-house custom scripts, collapsing any duplicate sequences into an individual node, and was visualized using Cytoscape.^[@R81]^

QUANTIFICATION AND STATISTICAL ANALYSIS {#S26}
---------------------------------------

Statistical analysis of VH deep sequencing data was done with Graphpad Prism v7.0 or MATLAB, using unpaired Mann-Whitney test or Wilcoxon matched-pairs singed rank test as appropriate. Statistical details of experiments can be found in the figures and figure legends. Spearman correlation was used to determine how effective the pairing was.

ADDITIONAL RESOURCES {#S27}
--------------------

Samples used for this study were obtained from at the University of Rochester who participated in the HVTN 105 phase 1 randomized, blinded, multisite HIV vaccine clinical trial ([ClinicalTrials.gov](http://ClinicalTrials.gov) [NCT02207920](https://clinicaltrials.gov/ct2/show/NCT02207920))^[@R31]^.
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![Study Design\
Participants (n = 22) in HVTN 105 received AIDSVAX B/E Protein (P) and DNA-HIV-PT123 plasmid (D) immunizations intramuscularly at months 0, 1, 3, and 6, according to the indicated schedule for each treatment group. Peripheral blood was collected at baseline (month 0) and 7 days (D7) after final immunization. Peripheral blood and bone marrow were collected 7--12 months after final immunization.](nihms-1596769-f0002){#F1}

![Boosting with AIDSVAX B/E gp120 Protein Induces Peripheral Blood Plasmablasts\
(A and B) Plasma (n = 22) collected at baseline and D7 following the final immunization was tested by ELISA (n = 3 replicates per dilution) for IgG specific to gp120 MN.B (A) and gp120 A244.AE (B) at 1:2500 dilution. Each bar represents mean ± SEM for an individual participant. Participant number and treatment group (T) indicated. The frequency of total IgG and gp120-specific IgG-secreting cells was determined by Elispot (n = 3 replicates per dilution).\
(C) Representative Elispot results from a single participant.\
(D) Frequency of gp120^+^ IgG antibody (Ab)-secreting cells (ASC) at D7 after final immunization. Bars indicate frequency for an individual participant based on triplicate Elispot wells.](nihms-1596769-f0003){#F2}

![Peripheral Blood Plasmablasts Express gp120-Specific Monoclonal Antibodies (mAbs)\
(A) Gating strategy to isolate peripheral blood plasmablasts (IgD-CD38^+^CD27^++^) D7 after final immunization.\
(B) Reactivity of mAbs (n = 66) to gp120 determined by ELISA (n = 3 replicates per dilution). Each line represents the mean of an individual mAb.\
(C) Summary of gp120 binding profiles of mAbs.\
(D) Summary of gp120 region-specific binding profiles of mAbs.](nihms-1596769-f0004){#F3}

![Plasmablast-Derived mAbs Include Those with High Avidity and ADCP Functionality\
(A) The avidity of the mAbs binding to gp120 in the presence of 8M urea was determined by ELISA (n = 3 replicates). Each symbol represents the avidity index for an individual mAb as determined from triplicates.\
(B) The Ab-dependent cellular phagocytosis of gp120-coated and BSA-coated fluorescent beads was determined at 5 μg/mL mAb. Each symbol represents the ADCP score for an individual mAb. Blue symbols denote T1 participant.\
(C) mAbs were serial diluted starting at 50 μg/mL and tested in duplicate for ADCC against SHIV-SF162P3.B-infected NKR24 reporter cells.\
(D) mAbs were serially diluted and tested in duplicate at each dilution for neutralizing activity against SF162.B pseudoviruses in the standardized TZM-bl assay.](nihms-1596769-f0005){#F4}

![Molecular Characteristics of Plasmablast-Derived mAbs\
(A) VH gene usage of mAbs isolated from indicated individual and in summary.\
(B) Mutation from germline for VH and VL for individual mAbs presented.\
(C) Length of CDR3 for heavy and light chain indicated. Blue symbols denote T1 participant.\
(D) Distribution of isotype usage of mAbs among each individual and in summary.](nihms-1596769-f0006){#F5}

![VH1 Expansion following HIV Env Vaccination\
Deep VH sequencing of peripheral blood IgG^+^ B cells isolated D7 after final immunization was performed.\
(A) Total number of lineages (top) and composition of specific VH gene usage among lineages (bottom) in individual participants (n = 22) within each treatment group (T1--T4).\
(B) Compositional representation of lineages per sample, ordered by size; VH1--2 lineages denoted in red.\
(C) JH usages among VH1--2 lineages and non-VH1--2 lineages.\
(D) HCDR3 length among VH1--2 lineages and non-VH1--2 lineages; inset number indicates number of lineages and frequency of lineages with HCDR3 length ≥ 22 amino acids.\
(E) VH mutation from germline; inset number indicates number of lineages and median percentage of nucleotide mutation.\
(F) Composition of IgG subclass usage by VH1--2 (left edge of bars) and non-VH1--2 (right edge of bars) sequences. The percentage of VH1--2 sequences per sample is shown in the bar plot at top.\
(G) VH mutation from germline for VH1--2 sequences from T2--T4 participants based on IgG subclass. Total number of sequences and median percentage of nucleotide mutation from germline (percentage of sequences ≥ 10% mutated from germline) are indicated.](nihms-1596769-f0007){#F6}

![Persistence of HIV Env-Specific Plasmablast Lineages in the BM LLPC\
(A) Representative Elispot of BM CD138^+^ LLPC for gp120, influenza, and total IgG ASCs.\
(B) Summary of instances of gp120^+^ plasmablast-derived mAb lineages identified in BM. PB, plasmablast.\
(C--E) Phylogenic analysis and alignments of 1105E9 (C), 1098D3/F3 (D), and 1098C4/B8 (E) lineages. Lineage members defined as same heavy-chain V and J gene usage, HCDR3 length, and R85% HCDR3 similarity. Red-outlined regions were analyzed for isotype usage, and those for which substantial non-IgG1 sequences were observed have an associated pie chart of isotype distribution. The germline sequence is represented by the green diamond and the mAb sequences are represented by the blue square. Alignments depict germline, mAb, and CD138^+^ LLPC derived sequences. The red circle (C and D) indicates the position of shared identical mutation from germline and the orange circle (E) indicates shared mutation from germline.](nihms-1596769-f0008){#F7}

###### 

Primers Used in This Study

  Primer            Sequences (5' −3')
  ----------------- ----------------------------
  VH1-Fw            CAGGTGCAGCTGGTRCARTCTGGG
  VH2-Fw            CAGRGCACCTTGARGGAGTCTGGTCC
  VH3-Fw            GAGGTKCAGCTGGTGGAGTCTGGG
  VH4-Fw            ACCCTGTCCCTCACCTGC
  VH5-Fw            GCAGCTGGTGCAGTCTGGAG
  VH6-Fw            CAGGACTGGTGAAGCCCTCG
  VH1--24/69-Fw     GCAGCAGCTACAGGTGTCCASKCC
  VH1--2-Fw         GCAGCAGCCACAGGAGCCCACTCC
  VH3--23-Fw        AGTTTGGGCTGAGCTGGCTT
  VH3--23(M13)-Fw   TTCTCAGGTGCAGCTGGTGC
  IgA-Rv            GAGGCTCAGCGGGAAGACCTTG
  IgG-Rv            GGAAGGTGTGCACGCCGCTGGTC
  IgM-Rv            GTGATGGAGTCGGGAAGGAA

###### 

KEY RESOURCES TABLE

  REAGENT or RESOURCE                                                              SOURCE                                                   IDENTIFIER
  -------------------------------------------------------------------------------- -------------------------------------------------------- -----------------------------------------------------------
  Antibodies                                                                                                                                
  anti-CD45-Qdot 800 (HI30)                                                        Thermo Fisher Scientific                                 Cat\#Q10156; RRID:AB_10373711
  APC-Cy7 Mouse Anti-Human CD19 (SJ25C1)                                           BD Biosciences                                           Cat\#557791; RRID:AB_396873
  Alexa Fluor® 700 anti-human CD20 (2H7)                                           Biolegend                                                Cat\#302322; RRID:AB_493753
  anti-CD3e-PacificOrange (UCHT1)                                                  Invitrogen                                               Cat\#CD0330; RRID:AB_2536469
  FITC Mouse Anti-Human IgD (IA6--2)                                               BD Biosciences                                           Cat\#555778; RRID:AB_396113
  anti-CD27-Qdot 655 (CLB-27/1)                                                    Thermo Fisher Scientific                                 Cat\#Q10066; RRID:AB_11180873
  anti-CD4-Qdot 705 (S3.5)                                                         Thermo Fisher Scientific                                 Cat\#Q10060; RRID:AB_2556447
  anti-CD38-Qdot 605 (HIT2)                                                        Thermo Fisher Scientific                                 Cat\#Q10053; RRID:AB_2556444
  anti-CD126-PE (M5)                                                               BD Biosciences                                           Cat\#561696; RRID:AB_10896139
  Goat Anti-Human IgG Antibody (Peroxidase)                                        Jackson Immunoresearch                                   Cat\#109-035-003; RRID:AB_2337577
  alkaline phosphatase-conjugated anti-human IgG                                   Jackson Immunoresearch                                   Cat\#109-055-003; RRID:AB_2337599
  AffiniPure F(ab')~2~ Fragment Goat Anti-Human IgG, F(ab')~2~ fragment specific   Jackson Immunoresearch                                   Cat\#109-006-097
  Bacterial and Virus Strains                                                                                                               
  DH5a                                                                             Thermo Fisher Scientific                                 Cat\#18265017
  SHIV SF162P3 Virus                                                               NIH AIDS Reagent Program                                 Cat\#6526
  Biological Samples                                                                                                                        
  Human blood from HVTN105 study participants                                      URMC CFAR                                                N/A
  Human bone marrow from HVTN105 study participants                                URMC CFAR                                                N/A
  Chemicals, Peptides, and Recombinant Proteins                                                                                             
  MN.B D11 gp120                                                                   NIH AIDS Reagent Program                                 Cat\#12570
  A244.AE D11 gp120                                                                NIH AIDS Reagent Program                                 Cat\#12569
  FluZone (2006--2007)                                                             Sanofi Pasteur                                           Cat\# NR-10483
  96ZM651 gp120                                                                    NIH AIDS Reagent Program                                 Cat\#10080
  A244_V1V2 tag                                                                    NIH AIDS Reagent Program                                 Cat\#12567
  C1086_V1V2                                                                       NIH AIDS Reagent Program                                 Cat\#12568
  Resurfaced stabilized core (RSC3) protein                                        NIH AIDS Reagent Program                                 Cat\#12042
  HIV-1 Subtype B (MN) Env Peptide Set                                             NIH AIDS Reagent Program                                 Cat\#6451
  HIV-1 Consensus Group M Env Peptide Set                                          NIH AIDS Reagent Program                                 Cat\#9487
  HIV-1 Consensus B V3 Peptide                                                     NIH AIDS Reagent Program                                 Cat\#1830
  HIV-1 Subtype B (Sequence 1) V3 Peptide                                          NIH AIDS Reagent Program                                 Cat\#1831
  HIV-1 MN V3 Peptide                                                              NIH AIDS Reagent Program                                 Cat\#1832
  HIV-1 RF V3 Peptide                                                              NIH AIDS Reagent Program                                 Cat\#1833
  HIV-1 SF2 V3 Peptide                                                             NIH AIDS Reagent Program                                 Cat\#1834
  HIV-1 CRF01_AE V3 Peptide                                                        NIH AIDS Reagent Program                                 Cat\#1835
  HIV-1 Subtype B (Sequence 2) V3 Peptide                                          NIH AIDS Reagent Program                                 Cat\#1836
  HIV-1 Consensus B V3 Cyclic Peptide                                              NIH AIDS Reagent Program                                 Cat\#1837
  HIV-1 Subtype B (Sequence 2) V3 Cyclic Peptide                                   NIH AIDS Reagent Program                                 Cat\#1839
  HIV-1 MN Complete V3 Loop Peptide                                                NIH AIDS Reagent Program                                 Cat\#1840
  Phospate Buffered Saline (PBS)                                                   Corning                                                  Cat\#21--040-CV
  RPMI1640                                                                         Corning                                                  Cat\#15--040-CV
  Fetal Bovine Serum (FBS)                                                         Atlanta Biologicals                                      Cat\#S12450H
  Tween 20                                                                         Biorad                                                   Cat\#1706531
  2-Mercaptoethanol                                                                Millipore Sigma                                          Cat\# M3148
  VECTOR Blue, Alkaline Phosphatase Substrate Kit III                              Vector Laboratories                                      Cat\#SK-5300
  DTT                                                                              Invitrogen                                               Cat\#P2325
  RiboLock RNase Inhibitor                                                         ThermoFisher                                             Cat\#EO0381
  qScript cDNA synthesis kit                                                       QuantaBio                                                Cat\#95047--100
  DMEM                                                                             GIBCO                                                    Cat\#10313039
  FetalClone II                                                                    GE Healthcare Life Sciences                              Cat\#SH30066.03
  Antibiotic-Antimycotic solution                                                  GIBCO                                                    Cat\#15240062
  jetPRIME transfection reagent                                                    PolyPlus                                                 Cat\#114--75
  Magna Protein G beads                                                            Promega                                                  Cat\#G7472
  Magna Protein A beads                                                            Promega                                                  Cat\#G8782
  Bovine Serum Albumin (BSA)                                                       Fischer Scientific                                       Cat\#BP1600100
  Trypsin-EDTA                                                                     ThermoFisher                                             Cat\#25300054
  Biotin-XX Microscale Protein Labeling Kit                                        Life Technologies                                        Cat\#B30010
  Yellow-Green streptavidin- fluorescent beads                                     Life Technologies                                        Cat\#F8776
  Bright-Glo                                                                       Promega                                                  Cat\#E2620
  RNeasy Mini Kit                                                                  QIAGEN                                                   Cat\#74104
  Turbo DNA-free Kit                                                               Invitrogen                                               Cat\#AM1907
  Platinum Taq High Fidelity Polymerase                                            Invitrogen                                               Cat\#11304011
  EconoTaq PLUS GREEN 2X Master Mix                                                Lucigen                                                  Cat\# 30033--2
  iProof High-Fidelity DNA Polymerase                                              Biorad                                                   Cat\# 1725302
  HotStarTaq Plus DNA Polymerase                                                   QIAGEN                                                   Cat\# 203607
  E.Z.N.A. Gel Extraction Kit                                                      Omega Bio-tek                                            Cat\#D2501--02
  E.Z.N.A. Cycle Pure Kit                                                          Omega Bio-tek                                            Cat\#D6493--02
  E.Z.N.A. Plasmid Mini Kit I                                                      Omega Bio-tek                                            Cat\# D6942--02
  Amicon® Ultra-15 Centrifugal Filter Unit                                         Millipore Sigma                                          Cat\# UFC910024
  Critical Commercial Assays                                                                                                                
  Illumina MiSeq Reagent Kit v3                                                    Illumina Inc.                                            Cat\#MS-102--3003
  Experimental Models: Cell Lines                                                                                                           
  Human THP-1 cells                                                                NIH AIDS Reagent Program                                 Cat\#9942; RRID:CVCL_0006
  CEM.NKR CCR5+Luc+ (NKR24)                                                        NIH AIDS Reagent Program                                 Cat\#5198; RRID:CVCL_X624
  KHG1 rhCD16                                                                      Japan Health Sciences Foundation                         N/A
  HeLA-derived TZM-bl cells                                                        NIH AIDS Reagent Program                                 Cat\#8129; RRID:CVCL_B478
  HEK293T                                                                          ATCC                                                     Cat\#CRL-3216; RRID:CVCL_0063
  Oligonucleotides                                                                                                                          
  Primers for mAb generation                                                       Liao et al., 2009                                        PMID:19428587
  Primers for MiSeq [Table 1](#T1){ref-type="table"}                               This paper                                               N/A
  Software and Algorithms                                                                                                                   
  CTL immunospot                                                                   Cellular Technology Limited                              <http://www.immunospot.com/ImmunoSpot-analyzers-software>
  IMGT/V-QUEST                                                                                                                              <http://www.imgt.org/IMGT_vquest/vquest>
  GraphPad Prism v7.0                                                              <https://www.graphpad.com/scientific-software/prism/>    N/A
  Flowjo                                                                           <https://www.flowjo.com/>                                N/A
  HighV-QUEST                                                                                                                               <https://www.imgt.org/HighV-QUEST/home.action>
  Phylip's protpars tool (version 3.695)                                           <http://evolution.genetics.washington.edu/phylip.html>   N/A
  Cytoscape                                                                        <https://cytoscape.org/>                                 N/A
  MATLAB                                                                           MathWorks                                                <https://www.mathworks.com/products/matlab.html>
  Deposited Data                                                                                                                            
  Antibody and repertoire RNA sequences                                            dbGaP                                                    dbGaP:phs002027.v1.p1

###### Highlights

-   Assessed HIV Env-reactive peripheral blood plasmablast response post-vaccination

-   Boosting with AIDSVAX B/E protein induced robust plasmablast responses

-   Env-specific repertoire was dominated by VH1 gene usage and V3-region targeting Abs

-   Plasmablast-derived lineages persisted in bone marrowCD138^+^ long-lived plasma cells
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